Abstract For an R25E cancer research program to be a resounding success for both participating students and faculty, and to maintain federal funding, many synergistic elements are necessary. Essential components of the R25E Pediatric Oncology Education Program at St. Jude Children's Research Hospital include (1) a unique focus, (2) a program director who is passionate about the program and who is enthusiastically supported by the institution, (3) committed and involved faculty mentors, (4) a current and complete program website with an online application process, (5) a large external network referring top students to the program, (6) an extensive, diverse, and highly qualified applicant pool with rigorous application requirements, (7) meticulous matching of faculty mentors with mentees, (8) adequate financial support for participants (stipend and housing), (9) an outstanding basic science and clinical research infrastructure, (10) training in the protection of human subjects, the responsible conduct of research, and research with vertebrate animals, (11) a comprehensive lunch and learn seminar series, (12) oral and written participant presentations of their research results, (13) ongoing internal and external program evaluation, (14) long-term tracking of participants, and (15) continuing program innovation.
Introduction
According to the National Cancer Institute (NCI), the Cancer Education Grants Program (R25E) is a flexible, curriculum-driven program aimed at developing and sustaining innovative and educational approaches that ultimately will have an impact on reducing cancer incidence, mortality, and morbidity, as well as improving the quality of life of cancer patients [1] . Of the NCI R25E programs, only short term and/or summer programs sponsored and taught by academic faculty and designed to motivate college or graduate students to pursue cancer-related careers and programs to provide short-term cancer education to research scientists are eligible for renewal [2] . The need for ongoing short-term cancer education programs to attract new cancer researchers is clear [3] , but establishing and maintaining an outstanding R25E summer program for predoctoral students is indeed a challenge. The Pediatric Oncology Education (POE) Program (5R25 CA23944) at St. Jude Children's Research Hospital, which has been in existence since 1978, is an example of a successful R25E program [4, 5] . Many of the synergistic elements that make up this program are not unique, but the combination is. We describe major components of the POE program http://www.stjude.org/poe as an example of a successful R25E.
Essential Components of a Successful R25E

Unique Focus
The Pediatric Oncology Education Program at St. Jude Children's Research Hospital (St. Jude) is unique, in that it is the only NCI R25E pediatric oncology program for predoctoral students. Since cancer is the leading cause of death in childhood from medical conditions, pediatric cancer education is important for pediatricians and family medicine physicians, so that it can be diagnosed early when it is most curable. Approximately one in 320 American children will develop cancer by the time they are 20 years old. Fortunately, the 5-year survival rate for childhood cancer is approaching 80%. Some 270,000 Americans are survivors of childhood cancer [6, 7] . There is a shortage in both the number and diversity of well-trained, competent pediatric oncology researchers, clinicians, and nurses in this country [8, 9] . This is apparent in St. Jude recruitment of fellows, faculty, and nursing staff. St. Jude is one of the world's major centers for research and treatment of catastrophic diseases in children (primarily pediatric cancers) and is the only NCI-designated Comprehensive Cancer Center with an exclusive focus on pediatric cancers. Thus, St. Jude is in a unique position to address these issues by stimulating interest in pediatric cancer research and patient management in talented biomedical science and health professions students. 
Committed and Involved Faculty Mentors
The POE Program Director emails St. Jude faculty in the winter to invite them to mentor a POE student in the coming summer. Every year, 50 or more faculty from across the institution volunteer as POE mentors. They consider it a privilege to participate in the program and are effusive in their support.
Current, Complete Program Website and Social Media Presence
Upon her appointment as POE Program Director in 1997, the PI created a program website http://www.stjude.org/poe with the program announcement and an online application https:// hospital.stjude.org/apps/hospitalforms/forms/poeApplication.
jsp. This resulted in a surge in the number of qualified applicants and in their geographic diversity [4] . The current website includes the Lunch and Learn seminar schedule for the coming summer, as well as that of several prior summers (Table 1) . Group photos of the POE classes of 1998 onward are also included on the website. In addition to the online application, several surveys are available on the website for the respondent to complete and deliver confidentially to the PI. They include the POE participant exit survey, the POE mentor evaluation of their student and the program, and a longterm follow-up survey for former POE participants. 
Meticulous Matching of Faculty Mentors with Mentees
The PI receives program applications by email and enters them in a FileMaker Pro database. She processes incoming applicant credentials and prescreens all applications to ensure that applicants meet all program requirements. By searching the applicant database, the Program Director helps each faculty mentor individually identify a number of potential matches from the pool of eligible applicants. Basic science mentors then examine potential candidate files to select a specific student. Selection criteria include (1) the student's coursework, laboratory experience, and any research experience relevant to the mentor's area of research, (2) the areas in which the student has expressed interest, (3) the student's letters of recommendation from their research mentors and college science professors, (4) email and phone discussion with the student to assess his/her level of interest and knowledge, (5) the student's career goals, with an emphasis on placing students with a potential career interest in cancer research and/or cancer patient care, (6) conversations with the student's references, and (7) discussions with the POE Program Director. Clinical mentors use similar criteria to select a student from the medical student applicant pool, giving preference to applicants interested in a career in pediatric oncology or a related area in which St. Jude has particular expertise. Each year, several members of prior POE classes return for an additional POE appointment. POE students (POEs) who are invited to return did well in their first POE appointment and express a strong interest in a second POE experience. They often return to the same group in which they worked the prior summer, but occasionally elect to gain experience in a different research area. If returning as a medical student, they work in a clinical area. Returning POEs are a wonderful resource for both the new POEs and the PI. They relish their status as role models and peer mentors, and are de facto group leaders. Their eagerness to return to St. Jude also serves as a testament to what they feel they gain from the program and institutional environment. The 51 members of the POE 2010 class included 13 medical students, 33 undergraduates (including May 2010 graduates), three PharmD students, and two graduate/postbaccalaureate students. Two were sophomores with prior research experience; all others were further along in their academic careers. Fourteen 2010 participants were prior POEs returning for an additional POE rotation.
Adequate Financial Support for Program Participants
If they complete their full appointment as stipulated in their appointment letter, the POE participant receives a stipend totaling $4,000. They receive a check for the first $1,500 of their stipend during POE orientation with the PI on their first day. They receive a second $1,500 check mid-program, and a final check for $1,000 on their last day during their exit interview with the PI. Approximately 80% of POE program participants are from outside the Memphis area. To enable applicants to compete equally for positions, housing is provided free of charge to non-local participants. As a private research institution, we do not have access to student dormitory housing, such as might be available if we were a university. Non-local participants are housed in furnished group apartments within walking distance of the St. Jude campus. The apartments are furnished with basic linens, house wares, furniture, and appliances. By having participants share the apartments (typically four in a twobedroom, two-bath apartment), we are able to provide housing for the summer at a cost of approximately $1,100 per student. Group housing also fosters networking, which students report to be a major positive program impact. Free housing is often a deciding factor for minority participants and those coming from great distances. We do not provide transportation funding, but the PI is often able to obtain per diem support from the FASEB MARC Summer Research Opportunity Program [10] Louis announced an unprecedented effort to identify the genetic changes that give rise to some of the world's deadliest childhood cancers. The team has joined forces to sequence the genomes of more than 600 childhood cancer patients who have contributed tumor samples for this historic effort. The St. Jude Children's Research Hospital-Washington University Pediatric Cancer Genome Project is the largest investment to date-estimated to cost $65 million over 3 years-aimed at understanding the genetic origins of childhood cancers. Scientists involved in the project are sequencing the entire genomes of both normal and cancer cells from each patient and comparing differences in the DNA to identify genetic mistakes that lead to cancer.
The success of future biomedical research depends on the availability of well-trained young investigators. St. Jude is dedicated to nurturing and supporting these clinicians and scientists. The education and training programs at St. Jude reflect the institution's commitment to excellence. The relatively small size of St. Jude allows clinical and basic science investigators to work closely together to efficiently translate scientific discoveries from the bench to the clinic to improve therapies for children with catastrophic diseases. Perhaps the greatest strength of the education program, and one that has been present since the earliest years, is the day to day interaction between research-oriented physicianscientists and laboratory investigators, which fosters an awareness of cancer as a problem that crosses many lines of inquiry. With excellent financial support, superb infrastructure, and first-rate faculty, St. Jude offers a truly unique training opportunity. 
Comprehensive Lunch and Learn Seminar Series
The 50-session POE Lunch and Learn seminar series, which is designed specifically for the POE students and which they are required to attend, begins the first week of June and runs through late August. The schedule for the upcoming and recent series are posted on the POE website http://www.stjude.org/poe. The speakers in June and July (Table 1) are leaders in their field who present state-of-theart information. Speakers relay the excitement and live action in our "bench to bedside and back" environment. Panelists from St. Jude discuss their career paths during two Lunch and Learns. Deans from the University of Tennessee Health Science Center (UTHSC) in Memphis present two Lunch and Learns on medical and professional schools, including interviewing tips. For the remainder of the Lunch and Learn series, the speakers are the students themselves, who report on their POE research projects to their peers, faculty, and lab colleagues. Having lunch together daily just prior to the talks enables participants to network. This networking opportunity is especially valuable for undergraduates, who get to know medical and graduate students from many schools. Funds for food for the Lunch and Learns are a line item in our R25E budget. Lunches are served by the St. Jude in-house catering service or occasionally an outside catering service.
In mid-July, the POE group visits the University of Tennessee Health Science Center for a tour of the facility and to meet with deans and students in their graduate school and colleges of medicine, pharmacy, and nursing.
POE medical students see patients with their mentor. Many of the other students meet clinicians after their Lunch and Learn presentations and arrange informally to accompany them on patient rounds. Many POEs volunteer for inpatient volunteer opportunities such as "Happy Cart" and at the St. Jude on-campus patient domiciliary facility, the Memphis Grizzlies House. In these activities, students get to know patients and their families. Most POEs take advantage of the opportunity to spend a half day with an adult oncologist seeing patients in the University of Tennessee Cancer Institute clinics. Most POEs also elect to spend a day observing surgeries in the St. Jude operating room.
POEs attend the weekly Tumor Board conference. POE medical students also attend the weekly Leukemia/Lymphoma, Hematology and Bone Marrow Transplantation and Cellular Therapy Conference. In addition, St. Jude has a plethora of research seminars, clinical conferences, and lectures by internationally known speakers, which students are encouraged to attend. Returning students may elect to attend more of the clinical and research conferences, in lieu of attending all the Lunch and Learn sessions. However, all POEs attend the POE research project report sessions, which comprise the Lunch and Learns beginning in late July and running throughout August.
Oral and Written Participant Presentations of Research Projects
Since 2001, POEs have been required to give a PowerPoint presentation on their research project as part of the POE Lunch and Learn series. On POE project report days, three students give 12-15-min talks, each followed by 5 min of questions. Their mentors, research group, and others working with them in their departments attend and have their photo taken with their student after the student's presentation.
Since 2000, all participants have been required to submit a report on their research project written in the style of a journal in which their mentor publishes. Often, this paper is the starting point for a co-authored St. Jude publication for the student. As of December 2010, 196 (27 [1997] [1998] [1999] prior to instituting the journal-style paper requirement in 2000. Beginning in 2005, each POE manuscript is reviewed by two St. Jude postdoctoral research associates and assigned a number grade, using the NIH scoring system. Each year, 20-25 postdoctoral research associates volunteer to be POE manuscript reviewers. They consider it an opportunity to gain needed professional experience as a reviewer. In response to student suggestions, the three best POE clinical science and the three best basic science manuscript authors are recognized with modest cash awards. This provides added incentive and helps foster friendly competition to write excellent papers. With times from research experience to publication typically 2-5 years, both the number of publications for recent students and the percentage with St. Jude publications continue to rise. Publication rates are on track to approach 50% for the 2005 class and following years.
Ongoing Internal and External Program Evaluation
All POE program participants take a test to evaluate their general knowledge of pediatric oncology and biomedical research ethics at the beginning of their appointment. On their last day, all retake the same test. POE 2005-2010 student scores improved from an average of 54.4% incoming to 83.8% outgoing.
At the conclusion of the student's appointment, the mentor completes an online evaluation https://hospital. stjude.org/apps/hospitalforms/forms/poeMentorEval.jsp of their student and of the POE program. The Program Director receives the evaluation as an email and responds to the mentor by email. Mentor compliance with the request for student evaluation is close to 100%. Comments about the POE students are positive in all but a few cases. Comments on the program are uniformly positive. Suggestions for program improvements are seriously considered and implemented when feasible.
At the conclusion of their appointment, all participants complete an online evaluation https://hospital.stjude.org/ apps/hospitalforms/forms/poeExitSurvey.jsp of the program and their mentor. The Program Director receives the exit survey as an email and responds to the student by email and during their exit interview with her. Results are used to help identify areas for improvement in the program and to identify any previously unreported problems the student might have encountered. When appropriate and feasible, student suggestions are implemented. Should a student evaluate their mentor negatively (0% incidence in recent years), the student's comments are considered carefully in deciding whether to place a future POE with that mentor. Usually, students and mentors report any difficulties early on to the Program Director, enabling her to negotiate solutions.
Funds are included as a line item in the POE R25E budget for the program to be reviewed by consultants during the summer while the program is in progress. The consultants are experienced NCI R25E investigators who work in a cancer education and training setting. participants who had completed their degree work, 596 (85.6%) held a doctorate, including 146 (76.8%) of the 190 URM participants in the cohort. Of the 893 participants since 1978 (many of whom were still in training), 176 (19.7%) had a cancer career goal, 88 (9.9%) were in cancercommitted careers, and 58 (6.5%) were already involved in cancer research. Those who are in cancer-committed careers include 14 pediatric hematologist-oncologists, 14 adult hematologist-oncologists, 9 radiation oncologists, 9 surgical oncologists, 8 medical physicists, 2 nuclear/ oncologic pharmacists, and 14 oncology nurses, physician assistants, or clinical research associates. Twenty former POEs hold an MD/PhD or are currently in an MD/PhD program, many in cancer research areas. Thirty-seven hold PhDs or are in PhD programs, most in cancer research areas. Eighty-one of those far enough along in their careers (POE 2001 and earlier) hold academic appointments.
Continuing Program Innovation
Just as in the business world, constant innovation is a sine qua non for an R25E program to remain competitive and prove worthy of renewal funding. The St. Jude program has been successful to date in part by embracing new technological developments, such as eslishing a web presence in 1997 [4] , utilizing search engines for followup in 2003-2004 [5] , and adopting Facebook to find a great many "lost sheep" in 2009.
Conclusion
Each R25E summer internship program has its strengths and weaknesses. While many of the synergistic elements that make up the St. Jude Children's Research Hospital POE program are not unique, their combination is. We have described the major components of the POE program http:// www.stjude.org/poe as an example of a successful longrunning R25E summer internship. We look forward to benefitting from detailed descriptions of other such programs in future issues of this journal.
